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Also see recent review:

LOI resulting from discussions at recent ACFI virtual workshop

Addazi et al, arXiv:2006.04907

J. de Vries



Motivations

V. Sanatoro
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New physics theory
Large extra dimensional theories

S. Girmohanta

Left-right symmetric gauge theories

R. N. Mohapatra

Z. BerezhianiK. S. Babu

SO(10) Grand Unified Theories Dark / mirror sector oscillations

R. Shrock



Standard Model EFT for B-L violation
B-L is an “accidental” symmetry of Standard Model operators with dim     4≤

Dim 9: B-L violating, B violating 
Majorana neutron mass

L9 ⇠
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<latexit sha1_base64="LUNto7dls5RU/eLAXaTRXYSlPhw=">AAACMXicbVDLSgMxFM3Ud31VXboJFkERyowPVHAhuulCQdE+oDMOmUymDc08SO4IZZhfcuOfiJsuFHHrT5jWWfg6JHA499yb3OMlgiswzaFRmpicmp6ZnSvPLywuLVdWVpsqTiVlDRqLWLY9opjgEWsAB8HaiWQk9ARref3zUb11z6TicXQLg4Q5IelGPOCUgJbcSt0OCfQoEdlF7h5jW/EQ24IFsGUHktDMyjP7Qo/ziZud3V zmdwe5LXm3B9up7+uDd7Tdj0G5lapZM8fAf4lVkCoqcOVWnmw/pmnIIqCCKNWxzAScjEjgVLC8bKeKJYT2SZd1NI1IyJSTjTfO8aZWfBzEUt8I8Fj93pGRUKlB6GnnaD/1uzYS/6t1UgiOnIxHSQosol8PBanAEONRfNjnklEQA00IlVz/FdMe0UmBDrmsQ7B+r/yXNHdr1l7NvN6vnp4UccyidbSBtpCFDtEpqqMr1EAUPaBn9IJejUdjaLwZ71/WklH0rKEfMD4+ATBjqik=</latexit>

n
<latexit sha1_base64="zcknCz623NReR3hZAbCXkJRh9uY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0MIiYGOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqSH75Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6q3mXVbVxVard5HEU4gVM4Bw+uoQb3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AdXtjO4=</latexit>

n
<latexit sha1_base64="yho5XZN3G5lDlLYg1sPUeOvUTUs=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZlRQRcuCm5cVrAP6Awlk2ba0EwyJBmhDP0NNy4UcevPuPNvzLSz0NYDgcM593BvTpRypo3nfTuVtfWNza3qdm1nd2//wD086miZKULbRHKpehHWlDNB24YZTnupojiJOO1Gk7vC7z5RpZkUj2aa0jDBI8FiRrCxUhBIaxbZXMwGbt1reHOgVeKXpA4lWgP3KxhKkiVUGMKx1n3fS02YY2UY4XRWCzJNU0wmeET7lgqcUB3m85tn6MwqQxRLZZ8waK7+TuQ40XqaRHYywWasl71C/M/rZya+CXMm0sxQQRaL4owjI1FRABoyRYnhU0swUczeisgYK0yMralmS/CXv7xKOhcN/7LhPVzVm7dlHVU4gVM4Bx+uoQn30II2EEjhGV7hzcmcF+fd+ViMVpwycwx/4Hz+AK8kkhQ=</latexit>

Neutron-antineutron 
oscillations

Post-sphaleron 
baryogengesis

⇤BSM & 105 GeV
<latexit sha1_base64="gDQZLE90rRjc9XKoDXC7ZzeWNl8=">AAACEXicbVC5TgMxFPSGK4RrgZLGIkJKFe1yCMooFFCAFAQ5pCREXuclseI9ZL9FRKv8Ag2/QkMBQrR0dPwNzlFAYCRL45l5st94kRQaHefLSs3NLywupZczK6tr6xv25lZFh7HiUOahDFXNYxqkCKCMAiXUIgXM9yRUvf7pyK/egdIiDG5wEEHTZ91AdARnaKSWnWtcmHCbtZLi9eWQNrposj51ndvkyFwR7jGhZ1AZtuysk3fGoH+JOyVZMkWpZX822iGPfQiQS6Z13XUibCZMoeAShplGrCFivM+6UDc0YD7oZjLeaEj3jNKmnVCZEyAdqz8nEuZrPfA9k/QZ9vSsNxL/8+oxdk6aiQiiGCHgk4c6saQY0lE9tC0UcJQDQxhXwvyV8h5TjKMpMWNKcGdX/ksq+3n3IO9cHWYLxWkdabJDdkmOuOSYFMg5KZEy4eSBPJEX8mo9Ws/Wm/U+iaas6cw2+QXr4xsZO5yM</latexit>
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Dim 6: B-L conserving, B violating 
proton decay operators

L6 ⇠
✓

1

⇤2
BSM

◆
uude+ . . .

<latexit sha1_base64="68kjSoTmZQfhogD25BdsPS7ln6w="></latexit>

e+
<latexit sha1_base64="pMFaANGXRi3CRggQ7hAvEpr3GkE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklU0IOHghePFe0HtLFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQVsfDDzem2FmXpAIro3rfjtLyyura+uFjeLm1vbObmlvv6HjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4c3Ebz6h0jyWD2aUoB/RvuQhZ9RY6R4fT7ulsltxpyCLxMtJGXLUuqWvTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTU8fk2Co9EsbKljRkqv6eyGik9SgKbGdEzUDPexPxP6+dmvDKz7hMUoOSzRaFqSAmJpO/SY8rZEaMLKFMcXsrYQOqKDM2naINwZt/eZE0zireecW9uyhXr/M4CnAIR3ACHlxCFW6hBnVg0IdneIU3RzgvzrvzMWtdcvKZA/gD5/MH4u6Ngg==</latexit>

p
<latexit sha1_base64="eX8t+eJRFwYenAJzFtnHJKb3158=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0MIiYGOZgPmA5Ah7m7lkzd7esbsnhCO/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWD2aSoB/RoeQhZ9RYqZH0yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhjZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1Uvcuq27iq1G7zOIpwAqdwDh5cQw3uoQ5NYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A9j1jPA=</latexit>

⇡0
<latexit sha1_base64="P9gDxReSm/NYVtYlDbSqK9eLtds=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokKevBQ8OKxgmkLbSyb7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6387K6tr6xmZpq7y9s7u3Xzk4bOokUwx9lohEtUOqUXCJvuFGYDtVSONQYCsc3U791hMqzRP5YMYpBjEdSB5xRo2V/G7KH91eperW3BnIMvEKUoUCjV7lq9tPWBajNExQrTuem5ogp8pwJnBS7mYaU8pGdIAdSyWNUQf57NgJObVKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DnIu08ygZPNFUSaIScj0c9LnCpkRY0soU9zeStiQKsqMzadsQ/AWX14mzfOad1Fz7y+r9ZsijhIcwwmcgQdXUIc7aIAPDDg8wyu8OdJ5cd6dj3nrilPMHMEfOJ8/cnqOaw==</latexit>

Proton decay

Washed out by 
sphalerons

⇤BSM & 1016 GeV
<latexit sha1_base64="CmOXe6ZG2MD2c5PoHkVsA9IKt5g=">AAACEnicbVC7SgNBFJ31GeMramkzGARtwq6KWoZYaKEQ0TwgiWF2cpMMmX0wc1cMy36Djb9iY6GIrZWdf+PkUWjigYEz55zLzD1uKIVG2/62Zmbn5hcWU0vp5ZXVtfXMxmZZB5HiUOKBDFTVZRqk8KGEAiVUQwXMcyVU3N7ZwK/cg9Ii8G+xH0LDYx1ftAVnaKRmZr9+acIt1owLN1cJrXfQZD3q2Hexc2zuCA8Y03MoJ81M1s7ZQ9Bp4oxJloxRbGa+6q2ARx74yCXTuubYITZiplBwCUm6HmkIGe+xDtQM9ZkHuhEPV0rorlFatB0oc3ykQ/X3RMw8rfuea5Iew66e9Abif14twvZpIxZ+GCH4fPRQO5IUAzroh7aEAo6ybwjjSpi/Ut5linE0LaZNCc7kytOkfJBzDnP29VE2XxjXkSLbZIfsEYeckDy5IEVSIpw8kmfySt6sJ+vFerc+RtEZazyzRf7A+vwBllGcyA==</latexit>

Dim 5: B-L violating, L violating 
Majorana neutrino mass

e�
⌫e = ⌫e

e�

Double-    decay�
<latexit sha1_base64="H2w+QMytew04m8XLlHAdcWAymic=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0IOHghePFUxbaEPZbCft0s0m7G6EEvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDAVXBvX/XZKa+sbm1vl7crO7t7+QfXwqKWTTDH0WSIS1QmpRsEl+oYbgZ1UIY1Dge1wfDfz20+oNE/ko5mkGMR0KHnEGTVW8nshGtqv1ty6OwdZJV5BalCg2a9+9QYJy2KUhgmqdddzUxPkVBnOBE4rvUxjStmYDrFrqaQx6iCfHzslZ1YZkChRtqQhc/X3RE5jrSdxaDtjakZ62ZuJ/3ndzEQ3Qc5lmhmUbLEoygQxCZl9TgZcITNiYgllittbCRtRRZmx+VRsCN7yy6ukdVH3Luvuw1WtcVvEUYYTOIVz8OAaGnAPTfCBAYdneIU3RzovzrvzsWgtOcXMMfyB8/kDwrKOoA==</latexit>

LeptogenesisL5 ⇠
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<latexit sha1_base64="wjPj+677aPyBcC2nDiAmP+gQpgM="></latexit>

⇤BSM & 1010 GeV
<latexit sha1_base64="gfEE3nSgJEbZX7BHVUtOQd2hMxk=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0HQJuyqoGWIhRYKEc0DkhhmJzfJkNkHM3fFsOQbbPwVGwtFbK3s/Bsnj0ITDwycOedcZu7xIik0Os63lZqbX1hcSi9nVlbX1jfsza2yDmPFocRDGaqqxzRIEUAJBUqoRgqY70moeL2zoV+5B6VFGNxiP4KGzzqBaAvO0EhN+6B+acIt1kwKN1cDWu+gyfrUde4S1zF3hAdM6DmUB0076+ScEegscSckSyYoNu2veivksQ8Bcsm0rrlOhI2EKRRcwiBTjzVEjPdYB2qGBswH3UhGKw3onlFatB0qcwKkI/X3RMJ8rfu+Z5I+w66e9obif14txvZpIxFBFCMEfPxQO5YUQzrsh7aEAo6ybwjjSpi/Ut5linE0LWZMCe70yrOkfJhzj3LO9XE2X5jUkSY7ZJfsE5eckDy5IEVSIpw8kmfySt6sJ+vFerc+xtGUNZnZJn9gff4AjOucwg==</latexit>

Also dim 7, 9, … see e.g. Cirigliano et al JHEP 12 (2018)



Charting B and L violation

6Heeck, Takhistov, PRD 101 (2020) J. Heeck



Charting B and L violation

7Heeck, Takhistov, PRD 101 (2020) J. Heeck



        oscillation phenomenology similar to meson, neutrino oscillations 

8

        oscillationsnn
nn

Pnn = sin2(t/⌧nn)e
��nt

<latexit sha1_base64="KZ/qHRldY1csnBZzpbbBPWWUGjY="></latexit>

⌧
�1
nn =< n|Hnn|n >

<latexit sha1_base64="JrL2GW0yv/Tl8Q9QDRVvGhSG1AI=">AAACJ3icbVBLSwMxGMzWV62vqkcvwSJ4seyqoIdaCl56rGAf0F1LNk3b0GyyJFmhbPffePGveBFURI/+E7NtD7V1IDDMzJfkGz9kVGnb/rYyK6tr6xvZzdzW9s7uXn7/oKFEJDGpY8GEbPlIEUY5qWuqGWmFkqDAZ6TpD29Tv/lIpKKC3+tRSLwA9TntUYy0kTr5sqtR1Im5K0wqvSTmSfIQnzkJvIGleXVcXYyNebmTL9hFewK4TJwZKYAZap38m9sVOAoI15ghpdqOHWovRlJTzEiScyNFQoSHqE/ahnIUEOXFkz0TeGKULuwJaQ7XcKLOT8QoUGoU+CYZID1Qi14q/ue1I9279mLKw0gTjqcP9SIGtYBpabBLJcGajQxBWFLzV4gHSCKsTbU5U4KzuPIyaZwXnYuifXdZqJRmdWTBETgGp8ABV6ACqqAG6gCDJ/AC3sGH9Wy9Wp/W1zSasWYzh+APrJ9fVoSoDg==</latexit>

Direct experimental constraints obtained from cold neutron beam experiments 
at the Institut Laue-Langevin (ILL)

Baldo-Ceolin et al, Zeitschrift für Physik C Particles and Fields (1994)

⌧nn > 0.89⇥ 108 s
<latexit sha1_base64="p+oh8AQMM9k2coyCTDcSleI4RGs=">AAACGnicbVDLSsNAFJ34rPUVdelmsAiuSqKCFUQKblxWsA9oYplMJ+3QySTM3Igl5Dvc+CtuXCjiTtz4N04fC229MHA459x7554gEVyD43xbC4tLyyurhbXi+sbm1ra9s9vQcaooq9NYxKoVEM0El6wOHARrJYqRKBCsGQyuRnrzninNY3kLw4T5EelJHnJKwFAd2/WApJ1MerFxjYZkMs/xJXbKlXPsAY+Yxq5zVzGYPUCGdd6xS07ZGReeB+4UlNC0ah370+vGNI2YBCqI1m3XScDPiAJOBcuLXqpZQuiA9FjbQEnMTj8bn5bjQ8N0cRgr8yTgMfu7IyOR1sMoMM6IQF/PaiPyP62dQljxMy6TFJikk0VhKjDEeJQT7nLFKIihAYQqbv6KaZ8oQsGkWTQhuLMnz4PGcdk9KTs3p6XqxTSOAtpHB+gIuegMVdE1qqE6ougRPaNX9GY9WS/Wu/UxsS5Y05499Kesrx+nRZ/w</latexit>

J. Wells

https://link.springer.com/journal/288
https://link.springer.com/journal/288
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Future experiments

V. Sanatoro

New experiments at the European Spallation Source (ESS) aim to increase 
sensitivity to         oscillations by three orders of magnitudenn

HIBEAM (High Intensity Baryon Extraction and Measurement) at ESS will begin 
be constraining        oscillations nn0

<latexit sha1_base64="lVp5r20D3q48HpZoXwX+eeoF+EA=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0cIiYGMZwXxIcoa9zVyyZHfv2N0TwpFfYWOhiK0/x85/4ya5QhMfDDzem2FmXphwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdDP1W0+oNIvlvRknGAgykCxilBgrPUj52E0UE9grV7yqN4O7TPycVCBHvVf+6vZjmgqUhnKidcf3EhNkRBlGOU5K3VRjQuiIDLBjqSQCdZDNDp64J1bpu1GsbEnjztTfExkRWo9FaDsFMUO96E3F/7xOaqKrIGMySQ1KOl8Updw1sTv93u0zhdTwsSWEKmZvdemQKEKNzahkQ/AXX14mzbOqf169uDuv1K7zOIpwBMdwCj5cQg1uoQ4NoCDgGV7hzVHOi/PufMxbC04+cwh/4Hz+AAL3kIk=</latexit>

Future large underground volume detectors will search for dinucleon decay



10

Experimental outlook

W. M. Snow

Advances in neutron optics could 
allow coherent oscillations in the 
presence of mirror reflections

Ultra-cold neutron storage experiments can 
provide independent        searches

A. Fomin

nn

Y. Kamyshkov

High Flux Isotope Reactor (HFIR) can 
search for        oscillations

M. Demarteau
nn0

<latexit sha1_base64="lVp5r20D3q48HpZoXwX+eeoF+EA=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoNgFe5E0cIiYGMZwXxIcoa9zVyyZHfv2N0TwpFfYWOhiK0/x85/4ya5QhMfDDzem2FmXphwpo3nfTuFldW19Y3iZmlre2d3r7x/0NRxqig2aMxj1Q6JRs4kNgwzHNuJQiJCjq1wdDP1W0+oNIvlvRknGAgykCxilBgrPUj52E0UE9grV7yqN4O7TPycVCBHvVf+6vZjmgqUhnKidcf3EhNkRBlGOU5K3VRjQuiIDLBjqSQCdZDNDp64J1bpu1GsbEnjztTfExkRWo9FaDsFMUO96E3F/7xOaqKrIGMySQ1KOl8Updw1sTv93u0zhdTwsSWEKmZvdemQKEKNzahkQ/AXX14mzbOqf169uDuv1K7zOIpwBMdwCj5cQg1uoQ4NoCDgGV7hzVHOi/PufMxbC04+cwh/4Hz+AAL3kIk=</latexit>
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QCD       Resultsnn

Standard Model EFT:

MMS
I (700 TeV) [10�5 GeV6]

<latexit sha1_base64="SuReVlWhf6HGVQMYTDpKDDQPOhs="></latexit>

�26(7)
<latexit sha1_base64="ai2/7EB5OXBRi2vX4UYbzg7Kccs=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoMQC8NdFGNhEbCxjGA+IDnC3mYvWbO3e+zuCeHIf7CxUMTW/2Pnv3GTXKHRBwOP92aYmRfEnGnjul9ObmV1bX0jv1nY2t7Z3SvuH7S0TBShTSK5VJ0Aa8qZoE3DDKedWFEcBZy2g/HNzG8/UqWZFPdmElM/wkPBQkawsVLrrHpZrp32iyW34s6B/hIvIyXI0OgXP3sDSZKICkM41rrrubHxU6wMI5xOC71E0xiTMR7SrqUCR1T76fzaKTqxygCFUtkSBs3VnxMpjrSeRIHtjLAZ6WVvJv7ndRMTXvkpE3FiqCCLRWHCkZFo9joaMEWJ4RNLMFHM3orICCtMjA2oYEPwll/+S1rVindece8uSvXrLI48HMExlMGDGtThFhrQBAIP8AQv8OpI59l5c94XrTknmzmEX3A+vgGaoY3P</latexit>

144(26)
<latexit sha1_base64="eLTuhePuubXgjevkygiCN1nE6QI=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwhUQsLEhtLTERI4EL2ljnYsLd32d0zIYQfYWOhMbb+Hjv/jQtcoeBLJnl5byYz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo0cdp4phk8UiVu2AahRcYtNwI7CdKKRRILAVjG5nfusJleaxfDDjBP2IDiQPOaPGSi2vVitXL897xZJbcecgq8TLSAkyNHrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzM+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+530uUJmxNgSyhS3txI2pIoyYxMq2BC85ZdXyWO14l1U3PtaqX6TxZGHEziFMnhwBXW4gwY0gcEInuEV3pzEeXHenY9Fa87JZo7hD5zPHxEsjg4=</latexit>

�47(11)
<latexit sha1_base64="iooQxIrjSVr37A57iP0Fr7V3wGs=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhBiYbjTQCwsAjaWEcwHJEfY20ySJXt7x+6eEI78CBsLRWz9PXb+GzfJFZr4YODx3gwz84JYcG1c99tZW9/Y3NrO7eR39/YPDgtHx00dJYphg0UiUu2AahRcYsNwI7AdK6RhILAVjO9mfusJleaRfDSTGP2QDiUfcEaNlVqXlWrJ8y56haJbducgq8TLSBEy1HuFr24/YkmI0jBBte54bmz8lCrDmcBpvptojCkb0yF2LJU0RO2n83On5NwqfTKIlC1pyFz9PZHSUOtJGNjOkJqRXvZm4n9eJzGDGz/lMk4MSrZYNEgEMRGZ/U76XCEzYmIJZYrbWwkbUUWZsQnlbQje8surpHlV9q7L7kOlWLvN4sjBKZxBCTyoQg3uoQ4NYDCGZ3iFNyd2Xpx352PRuuZkMyfwB87nDwZ9jgc=</latexit>

�0.23(10)
<latexit sha1_base64="fyYYpXvhxX7pBq0EmiPoFcDC5K4=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tDoMQC4+9RNDCImBjGcF8SHKEvc1esmR379jdE0LIr7CxUMTWn2Pnv3GTXKGJDwYe780wMy9MONMGoW8nt7a+sbmV3y7s7O7tHxQPj5o6ThWhDRLzWLVDrClnkjYMM5y2E0WxCDlthaPbmd96okqzWD6YcUIDgQeSRYxgY6XHC+RVqmUfnfeKJeShOdxV4mekBBnqveJXtx+TVFBpCMdad3yUmGCClWGE02mhm2qaYDLCA9qxVGJBdTCZHzx1z6zSd6NY2ZLGnau/JyZYaD0Woe0U2Az1sjcT//M6qYmugwmTSWqoJItFUcpdE7uz790+U5QYPrYEE8XsrS4ZYoWJsRkVbAj+8surpFnx/KqH7i9LtZssjjycwCmUwYcrqMEd1KEBBAQ8wyu8Ocp5cd6dj0VrzslmjuEPnM8f1t6Ocg==</latexit>

Q1
<latexit sha1_base64="+sAvxl2kxoeXgrWSlYAhBNKwCXE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0MIiYGOZoPmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWj2aSoB/RoeQhZ9RY6aHR9/rlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqreZdVtXFVqt3kcRTiBUzgHD66hBvdQhyYwGMIzvMKbI5wX5935WLQWnHzmGP7A+fwBzxONdQ==</latexit>

Q2
<latexit sha1_base64="fQhAPTBS4NI8xKEXdzfJesgA3L8=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0UtLAI2FgmaD4gOcLeZi5Zsrd37O4J4chPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0gE18Z1v5219Y3Nre3CTnF3b//gsHR03NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+G7mt59QaR7LRzNJ0I/oUPKQM2qs9NDoV/ulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzU6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2naINwVt+eZW0qhXvsuI2rsq12zyOApzCGVyAB9dQg3uoQxMYDOEZXuHNEc6L8+58LFrXnHzmBP7A+fwB0JeNdg==</latexit>

Q3
<latexit sha1_base64="njwop4LhSxccwjYYduGbBuOnd7Q=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0MIiYGOZoPmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d3Mbz+h0jyWj2aSoB/RoeQhZ9RY6aHRv+yXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSuqh6l1W3cVWp3eZxFOEETuEcPLiGGtxDHZrAYAjP8ApvjnBenHfnY9FacPKZY/gD5/MH0huNdw==</latexit>

Q5
<latexit sha1_base64="MuhcgNenuMzeTSDy4IpBDBKdi7w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QA8eAl48JmgekCxhdtKbDJmdXWZmhbDkE7x4UMSrX+TNv3GS7EGjBQ1FVTfdXUEiuDau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49uZ335EpXksH8wkQT+iQ8lDzqix0n2jf9kvV9yqOwf5S7ycVCBHvV/+7A1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3VKTqwyIGGsbElD5urPiYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mwy4QmbExBLKFLe3EjaiijJj0ynZELzll/+S1lnVO6+6jYtK7SaPowhHcAyn4MEV1OAO6tAEBkN4ghd4dYTz7Lw574vWgpPPHMIvOB/f1SONeQ==</latexit>

 
ILL:

⇤BSM

(�f3evB�L)
1/5

> 390± 22 TeV
<latexit sha1_base64="R7jM5BeKapaJiFaHxpUOmBGkIqw="></latexit>

⌧nn > 0.89⇥ 108 s
<latexit sha1_base64="p+oh8AQMM9k2coyCTDcSleI4RGs=">AAACGnicbVDLSsNAFJ34rPUVdelmsAiuSqKCFUQKblxWsA9oYplMJ+3QySTM3Igl5Dvc+CtuXCjiTtz4N04fC229MHA459x7554gEVyD43xbC4tLyyurhbXi+sbm1ra9s9vQcaooq9NYxKoVEM0El6wOHARrJYqRKBCsGQyuRnrzninNY3kLw4T5EelJHnJKwFAd2/WApJ1MerFxjYZkMs/xJXbKlXPsAY+Yxq5zVzGYPUCGdd6xS07ZGReeB+4UlNC0ah370+vGNI2YBCqI1m3XScDPiAJOBcuLXqpZQuiA9FjbQEnMTj8bn5bjQ8N0cRgr8yTgMfu7IyOR1sMoMM6IQF/PaiPyP62dQljxMy6TFJikk0VhKjDEeJQT7nLFKIihAYQqbv6KaZ8oQsGkWTQhuLMnz4PGcdk9KTs3p6XqxTSOAtpHB+gIuegMVdE1qqE6ougRPaNX9GY9WS/Wu/UxsS5Y05499Kesrx+nRZ/w</latexit>

LR-symmetric example:

Rinaldi, Sryitsyn, MW et al, PRL 122 (2019)
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Baryogengesis constraints

B. Dev

Constraints also studied for 
effective theories and simplified 
models of baryogengesis

J. Wells S. Gardner D. McKeen 

J. Wells

Post-sphaleron baryogengesis predictions 
updated to include lattice QCD matrix 
elements and current / projected limits
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Nuclear instability searches

New constraints from Super K 

L. Wan

⌧nn > 4.7⇥ 108 s

<latexit sha1_base64="5wJTPV8hCdFjmJ3o/w3y2JrSw/M=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjNSaRciBTcuK9gHdMaSSdM2NJMZkjtiGeY33Pgrblwo4lJX/o1pOwttvRA4nHPuvbnHjwTXYNvfVm5ldW19I79Z2Nre2d0r7h+0dBgrypo0FKHq+EQzwSVrAgfBOpFiJPAFa/vjq6nevmdK81DewiRiXkCGkg84JWCoXtF2gcS9RLqhcU2HJDJN8SWulKvYBR4wjR37rmYwe4AE67RXLNlle1Z4GTgZKKGsGr3ip9sPaRwwCVQQrbuOHYGXEAWcCpYW3FiziNAxGbKugZKYnV4yuyzFJ4bp40GozJOAZ+zvjoQEWk8C3zgDAiO9qE3J/7RuDIOal3AZxcAknS8axAJDiKcx4T5XjIKYGECo4uavmI6IIhRMmAUTgrN48jJonZWdSvn8plKqX2Rx5NEROkanyEFVVEfXqIGaiKJH9Ixe0Zv1ZL1Y79bH3Jqzsp5D9Kesrx8juZ+2</latexit>
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Dinucleon decay in EFT
                 deuteron decays arise from both long- and short-distance 

mechanisms in nuclear EFT, only short-distance constrained by LQCD
�B = 2

<latexit sha1_base64="gxMDl4kQ6KPYlwlw4O2wcikmZZg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9CiB48RjAPyC5hdjKbDJl9MNMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPd5SdSaLTtb6uwtr6xuVXcLu3s7u0flA+P2jpOFeMtFstYdX2quRQRb6FAybuJ4jT0Je/449uZ33niSos4esRJwr2QDiMRCEbRSK57xyVS0iA3pNYvV+yqPQdZJU5OKpCj2S9/uYOYpSGPkEmqdc+xE/QyqlAwyaclN9U8oWxMh7xnaERDrr1sfvOUnBllQIJYmYqQzNXfExkNtZ6EvukMKY70sjcT//N6KQbXXiaiJEUescWiIJUEYzILgAyE4gzlxBDKlDC3EjaiijI0MZVMCM7yy6ukXas6F9Xaw2Wl3sjjKMIJnMI5OHAFdbiHJrSAQQLP8ApvVmq9WO/Wx6K1YOUzx/AH1ucP7bSQTQ==</latexit>

B. Long

Further study needed to better constrain new short-distance coupling, test 
EFT power counting

Oosterhof, Long, de Vries, Timmermans, van Kolck, 
PRL 122 (2019)

Haidenbauer, Meißner, Chin. Phys. C 44, 
no.3, 033101 (2020)
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Dinucleon decay in larger nuclei
Phenomenological nuclear models used to determine nuclear suppression 

factor for deuteron, oxygen, iron, argon J. Richard

J. Barrow

Providing controlled uncertainties on predictions of nuclear suppression 
factors as well as signal discrimination is crucial for understanding the 
reach of DUNE and Hyper-K into BSM parameter space

J. Barrow
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Outlook

Next-generation experiments at the ESS will 
search for         oscillations at scales relevant 
for constraining post-sphaleron 
baryogengesis 

                   interactions provide a unique way to 
constrain theories of low-scale baryogengesis 

Understanding theoretical uncertainties in                    nuclear interactions 
is critical to understanding the new physics reach of current / future 
experiments. Fully controlled predictions will require coordinated effort 
from lattice QCD + nuclear EFT + event generators + …

D. McKeen

�B = 2
<latexit sha1_base64="gxMDl4kQ6KPYlwlw4O2wcikmZZg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9CiB48RjAPyC5hdjKbDJl9MNMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPd5SdSaLTtb6uwtr6xuVXcLu3s7u0flA+P2jpOFeMtFstYdX2quRQRb6FAybuJ4jT0Je/449uZ33niSos4esRJwr2QDiMRCEbRSK57xyVS0iA3pNYvV+yqPQdZJU5OKpCj2S9/uYOYpSGPkEmqdc+xE/QyqlAwyaclN9U8oWxMh7xnaERDrr1sfvOUnBllQIJYmYqQzNXfExkNtZ6EvukMKY70sjcT//N6KQbXXiaiJEUescWiIJUEYzILgAyE4gzlxBDKlDC3EjaiijI0MZVMCM7yy6ukXas6F9Xaw2Wl3sjjKMIJnMI5OHAFdbiHJrSAQQLP8ApvVmq9WO/Wx6K1YOUzx/AH1ucP7bSQTQ==</latexit>

�B = 2
<latexit sha1_base64="gxMDl4kQ6KPYlwlw4O2wcikmZZg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9CiB48RjAPyC5hdjKbDJl9MNMrhCW/4cWDIl79GW/+jZNkD5pY0FBUddPd5SdSaLTtb6uwtr6xuVXcLu3s7u0flA+P2jpOFeMtFstYdX2quRQRb6FAybuJ4jT0Je/449uZ33niSos4esRJwr2QDiMRCEbRSK57xyVS0iA3pNYvV+yqPQdZJU5OKpCj2S9/uYOYpSGPkEmqdc+xE/QyqlAwyaclN9U8oWxMh7xnaERDrr1sfvOUnBllQIJYmYqQzNXfExkNtZ6EvukMKY70sjcT//N6KQbXXiaiJEUescWiIJUEYzILgAyE4gzlxBDKlDC3EjaiijI0MZVMCM7yy6ukXas6F9Xaw2Wl3sjjKMIJnMI5OHAFdbiHJrSAQQLP8ApvVmq9WO/Wx6K1YOUzx/AH1ucP7bSQTQ==</latexit>

nn
<latexit sha1_base64="7vsyTedXfegdsd358lru79vRca4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae0Q8mkmTY0k0yTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3cG9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7G95nfnlKlmRRPZhZTP8JDwUJGsLGSL3rSulk4FfN+ueJW3QXQOvFyUoEcjX75qzeQJImoMIRjrbueGxs/xcowwum81Es0jTEZ4yHtWipwRLWfLo6eowurDFAolX3CoIX6O5HiSOtZFNjJCJuRXvUy8T+vm5jw1k+ZiBNDBVkuChOOjERZA2jAFCWGzyzBRDF7KyIjrDAxtqeSLcFb/fI6adWq3lW19nhdqd/ldRThDM7hEjy4gTo8QAOaQGACz/AKb87UeXHenY/laMHJM6fwB87nD4J/kpQ=</latexit>

V. Sanatoro


